Pinhole SPECT imaging of dopamine transporters correlates with dopamine transporter immunohistochemical analysis in the MPTP mouse model of Parkinson's disease.
The in vivo analysis of dopaminergic degeneration in animal models of Parkinson's disease (PD), using pinhole single photon emission computed tomography (SPECT), ideally should afford a serial study design, enabling the analysis of the degenerative process as well as the potential neuroprotective and/or restorative properties of drugs over time in living animals. Previously, we demonstrated that striatal dopamine transporter (DAT) levels in rats could be analyzed reproducibly, using pinhole SPECT with the DAT probe [(123)I]N-omega-fluoropropyl-2beta-carbomethoxy-3beta-{4-iodophenyl}nortropane (FP-CIT). However, the capacity of this approach to accurately detect a range of striatal DAT levels in the most widely used animal model of PD, i.e., the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated mouse, remains to be determined. For this purpose, various levels of DAT were induced by treating c57BL/6J mice for 1, 3, or 5 days with MPTP (25 mg/kg ip), respectively. [(123)I]FP-CIT SPECT scans were performed 5 days after the last MPTP injection. Mice were perfused 6 days after the last MPTP injection, and the SPECT data were compared to ex vivo striatal and nigral DAT levels as measured by immunohistochemistry within the same animals. The analysis of striatal DAT levels using SPECT and DAT immunohistochemistry yielded highly comparable results on the percentage of DAT reduction in each MPTP group. The in vivo data showed a decrease of specific striatal to non-specific binding ratios by 59%, 82%, and 76% in mice treated for 1, 3, and 5 days, respectively. Moreover, a strong, positive correlation was observed between the in vivo and ex vivo parameters. The present study provides the first evidence that [(123)I]FP-CIT pinhole SPECT allows the accurate detection of a range of striatal DAT (i.e., losses of approximately 60-80%) levels in mice. Since such large dopaminergic lesions could be detected, this SPECT method may at least be useful for analyzing neuroprotective treatment with a clear-cut positive (i.e., complete protection) or negative (i.e., not any protection) effect. Whether this method is also useful for analyzing more subtle effects of neuroprotective treatment (partial protection) remains to be established, by studying mice with small dopaminergic lesions.